The program DNAGEL is used to determine the size of DNA fragments run on agarose or polyacrylamide gels. The positions of the bands are read from gel photographs by means of a digitizer. Standard curves are calculated by the method of Southern (1979) . The bands, as they are measured, are reproduced on the screen so that erroneous input can be recognized and corrected immediately. Similarly the estimated fragment sizes are printed in a table in the same relative positions as the bands on the gel. This makes it especially easy to relate fragment sizes with the bands on the gel picture. As an additional function the calculated positions of bands can be displayed on the screen. The program DNAGEL is written in APPLESOFT BASIC, suitable for APPLE II computers with 48K memory connected to a monitor, printer and a HOUSTON graphics tablet.
INTRODUCTION
The determination of DNA fragment sizes by gel electrophoresis has become a generally used technique in many laboratories. Fragment sizes are determined by comparing the migration distances of unknown fragments with those of bands of known size (standards). Manual measuring of migration distances and plotting of standard curves is a laborious process. The availability of a digitizer (graphic tablet) linked to a computer accelerated the determination of DNA fragment sizes considerably and at the same time improved accuracy.
The program DNAGEL converts DNA band positions read by a digitizer into a standard curve calculated by the method of Southern (1) . This standard curve is then used to calculate the sizes of unknown fragments. The program was designed to handle large quantities of data and special thought was given to the problem of preventing false results due to human error.
Throughout the program instructions are given about the steps to be performed so that even occasional users have no difficulty getting correct results. Erroneous input is recognized to a large extent and does not normally cause the program to stop. The DNA bands, as they are measured, are reproduced on the screen. This allows immediate recognition and correction of erroneous input.
As a special feature the position of DNA bands can be calculated from the standard curve and displayed on the screen.
For the printed output the fragment sizes are organized in a table where the numbers are in the same relative positions as are the bands on the gel. This makes it especially easy to correlate fragment sizes with the bands on the gel picture so that the width of individual bands or aberrations in the gel can be taken into account for the interpretation of the data.
A description of the program has been published in abstract form (Experientia 38^, 1381 (Experientia 38^, ,1982 and the program has been made available to several laboratories.
PROGRAM DESCRIPTION
The program DNAGEL is written in Applesoft Basic for running on an Apple II Europlus computer (48 K memory) equipped with a HIPAD digitizer (Houston Instrument, Austin, Texas) and a printer (Integral Data Systems 440 (Paper Tiger) Natik, Massachusettes or EPSON MX series, Shinshu Seiki Co., Ltd., Nagano, Japan) .
The logical flow of the program is illustrated in Fig.l and a detailed description is given below. These explanations appear in abbreviated form on the screen while the program is operating.
The program is started by entering " RON DNAGEL ". After a few seconds the title page appears, giving the option of several functions. To choose one, press a single key.
Generally "press"» means that a single key has to be pressed. Depressing more than one key can cause unpredictable errors. "Enter" means that the input can consist of several keystrokes and execution starts only after the "RETURN" key has been pressed. The normal sequence is to reset the digitizer first. In order to do this, press " R " on the keyboard and the "RESET" button on the tablet (this causes the tablet display to disappear). Then place the cursor ca 5 cm from both the top and left edges of the working area of the tablet and press the button on the cursor. The program checks for proper resetting of the tablet.
The tablet working area is now subdivided into four areas (Fig.2) .
The tablet is only active when the message " MEASURE ON TABLET ==> " appears on the screen (in some obvious instances this message is covered by the display of the graph). Pressing the cursor in the GEL AREA will send point coordinates to the computer. The other three areas are reserved for special messages. These messages can either be given by pressing the cursor in one of these areas or through the keyboard by entering "N", "0" or "RETURN" (see below for explanation). Once reset, the digitizer holds its proper setting until it is switched off or the RESET button is pressed again.
If the digitizer has been reset already, press " G " to position the gel . Secure the gel firmly (e.g. with "blu-tack") in the GEL AREA of the tablet and indicate the position of the slots by measuring two points which will define the horizontal. The useful length of the gel has to be indicated by measuring one point just ahead of the fastest band of interest (front). In case one of the points for the slots has been measured in the wrong place, enter "Q" through the keyboard or press the cursor in the corresponding tablet area and start measuring again. The program checks if all three points are in the GEL AREA. If not the computer beeps, displays an error message and asks for new measurements.
Before measuring the bands for the standard curve, one can enter a title for the gel . No commas or colons must be included in the text because the language APPLESOFT interprets these two signs as end of an entry and the message "EXTRA IGNORED" will appear with no further consequences. This rule must be remembered throughout the program. The title will be printed in bold face immediately after "RETURN" is pressed (make sure that the printer is on). If a title line has "=" as the very last character before the "RETURN" the program asks for another line. The next step is to measure standards . Select " S " only when you are sure that the gel to be measured has been positioned properly. Before standards can be measured the memory of the computer is cleared automatically. This can require a noticable amount of time and the message "BUSY CLEARING MEMORY" is displayed.
The program contains sets of prerecorded standard values. More sets can be added by inserting data statements in program lines 7000-7998. Each data statement must contain first a code and second a description of the standard, followed by the standard sizes in kb, starting with the smallest number. Each set must end with a "0". Entries are separated by commas. It is convenient to include codes for the newly added sets of standard values in line 41850 of the program. If in doubt about the prerecorded standard values, entering " ? " gives a printed output of all the sets (there is no display on the screen).
After entering a code, the program asks for " SMALLEST SIZE IN KB ". All values smaller than the given smallest value of the set are skipped and the first size that is equal to or larger than the chosen smallest size is displayed. The next step is to measure that particular band on the gel picture. In order to skip a size, enter " S " through the keyboard or press the cursor below the front line (i.e. ahead of the fastest band to be measured). The graph can be viewed either by pressing "RETURN" on the keyboard or by pressing the cursor in the corresponding tablet area. Text is displayed again by either repeating "RETURN" or by executing any other tablet/keyboard function. If a band is measured inaccurately, enter " Q " (keyboard or tablet). This erases all standard values and allows a restart (select "S" from the title page).
When all bands in a lane have been measured, enter " N " through the keyboard or the tablet. Lanes are ended automatially when "0" is read at the end of a set of prerecorded standard values.
Choosing the code " MANUAL " allows entering standard sizes manually (these values will not be stored permanently). The program gives prompts to enter sizes in kb and then to measure on the gel. Instead of entering sizes, "RETURN" switches the screen display to graphics and "N" terminates the column. Entering " R " allows the last measurement to be repeated in case the cursor might not have been pressed in the right place. Entering " QUIT " instead of a size erases all values and allows a restart. The same happens when entering "Q" instead of measuring a band.
After each lane of standards the program sorts the values.
This may take a noticable amount of time. To confirm that the program is running, the computer beeps once when it starts sorting. Next it asks: " DO YOU HAVE ANOTHER STANDARD ? ".
Pressing "Y" leads back to selecting a code; "RETURN" allows inspection of the graph before making a decision; and "N" leads the program to calculate the standard curve, which can be viewed on the screen for a moment before a list of all standard values (combined from all lanes and sorted according to size) is printed and displayed on the screen. The calculations take some time. The graph is displayed meanwhile and the computer beeps when it starts drawing the line. Long lists are displayed in portions that fill the screen. Press "RETURN" to continue the listing. The table contains the standard sizes and the distances of the bands from the slots. Under the heading " DIFF% " the percent difference between the given size and the size calculated from the measured distance is listed for each band. It is normal that the smallest fragment deviates in relative terms (but not in absolute value) most from the calculated standard curve (see Fig.4 ).
After having inspected the data press "RETURN" to start measuring unknowns or calculating distances. Alternatively, "W" allows the graph to be inspected again, "P" reactivates the printer (this is sometimes needed when the printer does not respond) and "Q" allows a restart.
The bands on the monitor display show small spikes (see Fig. 3 ). They are displaced from left to right in the order the bands have been measured. It is therefore possible to check if the input was in correct order. When two bands fall on top of each other one band with two spikes appears on the screen.
Measuring unknown fragments and calculating distances
The functions " M " and " D " can be selected from the title page directly if a standard curve for the present gel is already in the memory. The program does not ask for another gel title. First a heading for each column must be entered. The line on top of the screen reminds you of the heading to the previous column. First comes a number which can be chosen arbitrarily and has no significance for the calculations.
For determining the band position corresponding to a given fragment size, " D " has to be pressed after entering the column heading. Pressing "RETURN" instead of entering a size displays the graph and entering "N" or "0" terminates the column. The calculated bands appear in blue instead of white on the screen.
The same table as for measured fragments appears on the screen. Again there will be no immediate printed output unless special provisions have been made (see above). In the final table only the sizes recalculated from the distances are printed. The facility to calculate distances is used mainly to comapare actual measurements with expected values. Typical questions to be asked are: "How far apart would be two bands corresponding to 6.1 and 6.2 kb under the present gel conditions?" or "Where would fragments of a partial digest appear?" A glance at the graph on the screen will tell the answer.
The program stops when "END" is entered instead of the number of a lane (see above) or automatically when fourteen lanes have been used. Then the number of lines for the table has to be entered. Sixty lines are the maximum. If too small a number was entered, so that all data could not be accommodated in the table, the program selects the minimum possible value automatically. Entering "0" allows the program to find the maximal number of entries per lane and sets the line number four times this value. The table is then printed in the following form (see Fig.4 ). If two bands are so close together that their sizes would be printed on the same line, the line above is used, if possible (the algorithm starts in program line 26200).
Standard lanes are identified by "*STD*" instead of a number (there is no automatic identification of lanes where distances have been calculated; use footnote or space for number). At the bottom of each column the sum of all sizes is listed. The scale at the rightmost end of the table is printed only if fewer than 14 columns have been filled. The scale is generated by calculating the size corresponding to each line of the table. Negative sizes are listed as "--". The scale is specific for every standard curve and for the number of lines in the table.
Whilst the table is being printed, the graph is displayed. After printing, the following options are given. Entering "W" displays the graph and "P" reactivates the printer to reproduce the table. On this occasion an alternative length (number of lines) can be chosen for the table."G" prints the graphic page as in Fig.3 (only possible with the EPSON printer) ."E" clears all entries except the standard curve and the position of the gel. While the computer is busy clearing the memory, the graph is displayed. At the end of the process the graph, with exception of the standard bands, is cleared and the title page appears with the option to reset the digitizer (not usually necessary), to position a new gel, to measure a new standard curve with the gel still in position, or to continue measuring or calculating distances using the present standard curve. In the last case no new title can be entered since the new table is considered merely a continuation of the previous table. If no data need to be conserved it is quickest to reset the computer and to restart the program by entering "RUN".
Hints for the use of the program DNAGEL
The range of DNA sizes over which an acceptably linear standard curve can be expected is gel-specific. A 20 fold difference between the smallest and largest fragment seems generally to be the maximum. A comparison of methods for relating mobility to fragment lengths has been published (2).
EXTRAPOLATION IS VERY MUCH DISCOURAGED SINCE DEPENDING ON THE GEL CONDITIONS EITHER VERY SMALL OR VERY LARGE FRAGMENTS ARE POORLY RESOLVED.
The program DNAGEL gives correct values for fragment sizes on the assumption that fragments of the same size run the same distance in all lanes (no "smiling"). In case of obvious distortions in the gel I suggest that the "zero position" of the bands is first determined manually on the gel phothograph before measuring with the program. This is probably better than automatic correction since the process is obvious to the operator and in case of doubt extreme positions can be measured to give an idea about the error one has to expect.
Faint bands are difficult to locate through the magnifying glass of the hairline cursor. Dots of black (sic) Indian ink, however, are much easier to locate.
If a gel contains several standard lanes, they can all be measured and combined into a single standard curve. From the scattering of the values one can estimate the quality of the measurements.
Errors in the estimated fragment sizes can be due to overloading lanes with DNA. With experience it is possible to measure heavy bands quite accurately by placing the cursor on the right part of the bands. In most cases either the trailing edge or the leading edge of the bands changes very little with the amount of DNA loaded. Unfortunately, no generalization is possible; the only way to find out is to run several dilutions of at least one DNA sample (preferably a standard preparation) on every gel. (Tris-acetate buffer and gels run at a low voltage are generally more tolerant to overloading than Tris-borate and gels run at high voltage.) AKNOWLEDGEMENTS I would like to thank M.W. Johnson for expert advice and for reading the manuscript, D.A. Hopwood for encouragement and for reading the manuscript and many colleagues who used an earlier version of the program for useful suggestions.
